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ABSTRACT 
Environmental swabs of shared processing equipment are commonly utilized by the food 
industry during cleaning validation studies. Some of these swabs are sent to 3rd party laboratories 
for evaluation.  However, the recovery of protein residues of allergenic foods between the time 
of swabbing and time of testing has yet to be systematically studied.  
The objective of this study was to determine the recovery of allergen residues (peanut and 
milk) from swabs held at different holding times and temperatures. Commercial ELISAs 
(enzyme-linked immunosorbent assays) were evaluated to determine allergen residue recovery 
from swabs inoculated with known amounts of peanut and Non-Fat Dry Milk (NFDM). For each 
allergen, 100, 50, and 25 ppm peanut flour or NFDM were prepared and each spiked onto 
Neogen Environmental Swabs (Product No. 8432S) which were stored at room temperature 
(RT), 37, 4, and -20°C for 0, 1, 3, 5, 7, 10, and 14 days. Subsequently, swabs were tested using 
the commercial Veratox® for Peanut and Veratox® for Total Milk Allergen Quantitative ELISA 
Test kits from Neogen Corp. (Lansing, MI) and the Peanut Protein ELISA kit from Morinaga 
Institute of Biological Science, Inc. (Japan). 
While both allergens were detected by ELISA on day 14 at all four storage temperatures, 
the percentage recovery decreased from day 0 to14 with the greatest decrease occurring from day 
0 to 1. For swabs spiked with peanut and tested with the Veratox for Peanut ELISA kit, the 
largest decrease was observed at RT and 37 °C (3-6-fold decrease in recovery). However, only a 
2-fold decrease in recovery was observed with peanut swabs stored at 4 °C and -20 °C, with the 
highest recovery observed from swabs stored at -20 °C. When peanut spiked swabs were 
analyzed using the Morinaga peanut ELISA kit, less variation in recovery was observed from 
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day 0 to 14 at all four storage temperatures and at all three spike levels. For all swabs, there was 
a less than 2-fold decrease in recovery from days 0-14. For swabs spiked with NFDM, the 
percent recoveries decreased between 2-3-fold when stored at RT and 37 °C and ~2-fold when 
stored at 4 °C and -20 °C. The apparent recovery of peanut and NFDM decreases when the 
swabs are stored for extended times at higher temperatures but were minimally affected when 
stored at 4 or -20 °C. These results indicate that testing laboratories and the food industry should 
transport swabs at 4 or -20 °C.  However, these results are limited to the Neogen Environmental 
Swabs and the evaluated test kits.  Further evaluation of additional protein targets and ELISAs is 
warranted to determine if these results are consistent for alternate targets and extractions. 
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CHAPTER 1: LITERATURE REVIEW 
 
A food allergy is defined as an adverse health effect resulting from a specific immune 
response that occurs repeatedly upon exposure to a given food (Sicherer, 2011). In the USA, it is 
estimated that food allergies affect 5% of adults and 8% of children (Sicherer and Sampson, 
2014). Due to the high prevalence of food allergies, it is of great concern to both food-allergic 
consumers and to the food industry. There are eight allergens that are identified as the “Big 
Eight” in the USA: egg, fish, crustacean shellfish, cows’ milk, tree nuts, peanut, wheat, and 
soybean (FDA, 2004). Since these have been identified as the Big 8, if these foods or ingredients 
derived from these foods are included in a packaged food, the food must be declared clearly on 
the package label. These allergies differ from one to another in their prevalence and potency 
(threshold dose). For example, children with a milk allergy have a higher likelihood to outgrow 
the allergy as has been demonstrated by several studies (Venkataraman et al., 2018, Skripak 
2007 et al., Wood, 2003). As shown by a more recent study, the prevalence of milk allergy at one 
year of age was 3.5%, but decreased to 0.5% when these children reached 10 years 
(Venkataraman et al., 2018). Peanut allergies, unlike milk allergies, are not as commonly 
outgrown. For example, a study looking at the resolution of peanut allergies in young children 
from ages 4-20 years old found that only 20% outgrew their peanut allergies (Skolnick et al., 
2001). In the same study, it was shown that peanut allergies increased in prevalence from 0.1% 
at age one-year-old to 1.0% at eighteen years old. The prevalence of peanut allergies being low 
at one year is most likely because infants are not usually exposed to peanut until they are older. 
These data do however, show that peanut allergies are rarely outgrown (Venkataraman, 2018 et 
al., Burks, 2003, Wood, 2003). The prevalence of food allergies is somewhat variable, however, 
because most published studies are based on self-diagnosis and personal interpretation of what a 
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food allergy truly is. If the reaction to the consumed food is not due to an immunological 
response, then the illness is a food intolerance, which is often confused with a food allergy 
(Ortolani and Pastorello, 2006). For example, a study exploring self-reported food allergies 
found that 10.8% of adults in the USA reported they had food allergies, which is much higher 
than what has been reported in clinically tested patients (Gupta et al., 2019). Common symptoms 
of a true food allergy often involve respiratory, gastrointestinal, cutaneous, or systematic effects 
(Ortolani and Pastorello, 2006). Some of these responses can pose life threatening risks to food-
allergic consumers, and an estimated 150-200 deaths occur each year are linked to food allergies 
(Radke et al., 2014). This study from the CDC Morbidity and Mortality Weekly Report estimates 
that almost half of fatal food allergy reactions were the result of eating at a restaurant (Radke et 
al., 2014). Without knowing if restaurant staff have been trained on proper handling of food 
allergens or practices to prevent cross-contact, it can be difficult to know if a food-allergic 
consumer is safe eating the prepared food. This increase in risk of having a reaction to a food(s) 
can affect the quality of life of allergic consumers as they may be constantly worried about the 
possibility of consuming a food containing allergen residues. Food-allergic consumers not only 
have to worry about the risk they face eating at restaurants but they also have to be conscious of 
the possibility that already packaged food in grocery stores may be mislabeled or may contain 
allergens from unintentional cross-contact. In the fifth-annual report from the Reportable Food 
Registry published by the FDA, 47% of packaged food product recalls were attributed to 
undeclared food allergens (FDA, 2014). It is important that the food industry understands these 
concerns and works to provide food-allergic consumers with options to safe food. Work still 
needs to be done, however, as there are about 30,000 consumers each year in the U.S. who seek 
emergency room attention because of allergic reactions to food (FDA, 2018). 
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Over the years, new rules and regulations has been put in place to ensure that food 
companies are providing accurately labelled and safe food to the consumer by monitoring and 
controlling the risk of possible allergen cross contact in foods. For example, the Food Allergen 
Labeling and Consumer Protection Act (FALCPA) of 2004 requires foods containing the major 
food allergens be listed on the packaging in plain English terms. One tool commonly used to test 
for common allergens and the cleanliness of shared equipment are environmental swabs coupled 
with allergen-specific ELISAs or lateral flow devices (LFDs) (Brown and Arrowsmith, 2015). 
These swabs can be used to swab various types of surfaces, valves, or other hard-to reach/clean 
areas that could represent allergen harborage areas to obtain representative samples. Such swabs 
can then be tested for the presence of any residual allergens using an allergen-specific 
immunoassay. Currently, it is recommended that swabs be sent via same-day shipping, however, 
the recovery of allergens from swabs between the time of swabbing and time of testing has yet to 
be systematically studied. 
The objective of this study was to utilize commercial ELISA kits to evaluate allergen 
recovery from swabs inoculated with known amounts of either peanut or Non-Fat Dry Milk 
(NFDM) and which were then subjected to different holding times and temperatures. By 
determining the recovery of peanut and milk from these swabs using commercial peanut and 
milk ELISA kits, respectively, the effects of storage temperatures and/or time on the recovery of 
allergens from swabs can be determined. 
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CHAPTER 2: RECOVERY OF PEANUT FROM SWABS SPIKED 
WITH PEANUT FLOUR  
 
MATERIALS AND METHODS 
 
MATERIALS: 
Swabs and ELISA Test Kits 
Allergen Environmental Swabs (#8432S) were purchased from Neogen Corp. (Lansing MI).  
Two commercial ELISA kits were used in this study; Veratox® for Peanut Allergen Quantitative 
ELISA Test kit from Neogen Corp. (Lansing, MI) and Peanut Protein ELISA kit from Morinaga 
Institute of Biological Science, Inc. Japan.  
Peanut Flour 
Partially defatted light roast peanut flour containing 12% fat and 50% protein was purchased 
from Golden Peanut and Tree Nuts (Alpharetta GA). 
 
METHODS: 
Swabs Spiked with Peanut: 
A 5000 ppm peanut flour extract was prepared by mixing 0.1 g of peanut flour with 20 
mL of the pre-heated (60 °C) Veratox extraction buffer and extracting the solution in a 60°C 
shaking water bath for 20 minutes. The samples were centrifuged, and the resulting 5000 ppm 
supernatant was used to prepare dilutions of 100, 50, and 25 ppm peanut flour in the Veratox 
extraction buffer.  
100 µL of each of these three concentrations were spiked onto the Neogen Environmental 
swabs. Spiked swabs were stored at four different temperatures (Room temperature (RT), 37 °C, 
4 °C, and -20 °C) for a predetermined number of days (0, 1, 3, 5, 7, 10, and 14 days). Swabs for 
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each time/temperature were spiked in duplicate and tested in duplicate using the Veratox peanut 
ELISA kit from Neogen following the instructions provided by the kit manufacturer. Minor 
modifications were used for the extraction procedure, i.e. the swabs were extracted in 5 mL of 
pre-heated (60°C) extraction buffer with additive at 60°C for 15 min in a shaking water bath. The 
percent recovery of peanut under different storage conditions was calculated from the ELISA 
results.  
Recovery of peanut from spiked swabs was also evaluated using the Morinaga peanut 
ELISA kit and the recovery was compared to that of the Veratox peanut ELISA. The recovery 
experiments using the Morinaga peanut ELISA kit were completed in the same manner as the 
Neogen Veratox kit. A 5000 ppm peanut flour extract was prepared by extracting 0.1 g of peanut 
flour in 20 mL of the Morinaga extraction buffer at 60 °C for 20 min. Following centrifugation, 
the resulting 5000 ppm peanut flour extract was used to prepare consecutive dilutions of 100, 50, 
and 25 ppm peanut flour in 10 mM phosphate buffered saline, pH 7.4 (PBS). The Neogen 
Environmental swabs were spiked with 100 µL of each dilution and stored at four different 
temperatures (Room temperature (RT), 37 °C, 4 °C, and -20 °C) for a predetermined number of 
days (0, 1, 3, 5, 7, 10, and 14 days). Swabs for each time/temperature were spiked in duplicate 
and tested in duplicate using the Morinaga peanut ELISA kit using the instructions provided by 
the kit manufacturer. The extraction procedure was modified slightly, i.e. the swabs were 
extracted in 2 mL of the Morinaga extraction buffer at 99 °C for 10 min. The percent recovery of 
peanut under different storage conditions was calculated from the ELISA results.  
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SDS-PAGE Analysis: 
Extracts containing 5000 ppm peanut flour stored at different temperatures and time 
durations were analyzed using SDS-PAGE gel electrophoresis under both reducing and non-
reducing conditions. For gel electrophoresis, 4-20% Mini-Protean TGX Precast Gradient Gels 
(Bio-Rad, USA) were used. The gel apparatus was run for 30-45 min at 200 V and the protein 
bands on the gels were visualized using Coomassie Brilliant Blue G-250 (Bio-Rad, USA). 
Precision Plus Protein Dual Xtra Standards (Bio-Rad, USA) were used as molecular weight 
markers. 
 
RESULTS 
Recovery of Peanut from Swabs Spiked with Peanut Flour Using the Veratox Peanut 
ELISA Kit 
To determine the effect of storage time and temperature on the recovery of peanut 
protein, swabs were spiked at three different peanut concentrations: 25, 50, and 100 ppm and 
stored under different conditions. After completing the ELISA testing, absorbances were read at 
650 nm and the software supplied by the kit manufacturer was used to determine the preliminary 
results in ppb total peanut. Dilution factors were included based on the volume of solution spiked 
into swab itself and the volume of extraction buffer added to the spiked swab. The results were 
divided by a factor of 1000 to report the data in ppm (µg/mL) total peanut. Since only 100 µL 
was originally spiked onto the swab, the results were multiplied by a factor of 0.1 to determine 
the final quantity (µg) of total peanut recovered from the spiked swabs. To better compare the 
final data, the percentage recovery was calculated by dividing the recovered total peanut (µg) 
protein values by the expected total peanut (µg) in the swabs.  
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Figures 2.1-2.3 illustrate the change in the percentage recoveries for the three 
concentrations: 25, 50, and 100 ppm peanut flour, respectively from spiked swabs at the four 
different temperatures from days 0-14. The percentage recovery values presented in figures 2.1-
2.3 are given in Supplementary Tables 1-4 in the Appendix. The data points were also 
normalized to the recovery from day 0 (Tables 2.1-2.4). Negative control spikes inoculated with 
100 µL of PBS were also included for each temperature and day, and the results are included in 
Supplementary Table 5 in the Appendix. 
 
 
 
Figure 2.1: Percentage recovery from swabs spiked with 25 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Veratox Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
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Figure 2.2: Percentage recovery from swabs spiked with 50 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Veratox Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
   
 
 
 
 
 
Figure 2.3: Percentage recovery from swabs spiked with 100 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Veratox Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
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Table 2.1. Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at room temperature (RT). 
Days of incubation at 
RT 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0  100 100 100 
Day 1 62 55 56 
Day 3 28 47 51 
Day 5 38 57 62 
Day 7 32 42 37 
Day 10 41 50 46 
Day 14 26 27 34 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit.  
 
 
 
Table 2.2. Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of Peanut Flour and stored at 37 °C. 
Days of incubation at 
37 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 44 63 49 
Day 3 27 28 41 
Day 5 33 34 36 
Day 7 16 38 18 
Day 10 21 26 29 
Day 14 16 21 24 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit.  
 
 
 
Table 2.3.  Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at 4 ° C. 
Days of incubation at 
4 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 69 80 75 
Day 3 65 75 70 
Day 5 60 58 59 
Day 7 47 51 67 
Day 10 48 58 64 
Day 14 42 59 73 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit.  
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Table 2.4.  Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at -20 °C. 
Days of incubation at 
-20 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 49 56 68 
Day 3 48 59 55 
Day 5 31 43 46 
Day 7 52 68 76 
Day 10 47 46 67 
Day 14 58 62 81 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit.  
 
SDS-PAGE Results 
 
The protein profiles of the 5000 ppm peanut flour extracts stored at different 
temperatures were compared using SDS-PAGE to determine if there was any change in the 
protein profile throughout the duration of storage. Sample extracts were compared under both 
reducing (Figure 2.4) and non-reducing (Figure 2.5) conditions. 
Figure 2.4: SDS-PAGE gel under reducing conditions of 5000 ppm peanut flour extracts stored 
at RT and 37 °C from 0-14 days.  
50 µL of each sample extract was mixed with 10 µL of 6x Laemmli sample buffer containing 
DTT, heated at 95 °C for 10 min, and 12 µL/lane was loaded.  
M; protein standard marker with the MW for each standard indicated in kDa on the LH, lanes D0 
through D14 represents days 0 to 14.  
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Figure 2.5: SDS-PAGE analysis under non-reducing conditions of 5000 ppm peanut flour 
extracts stored at RT& 37 °C (A), and 4 °C & -20 °C (B). 
50 µL of sample extract was mixed with 10 µL of 6x Laemmli sample buffer, heated at 95 °C for 
10 min, and 12 µL/lane was loaded.  
M; protein standard marker with the MW for each standard indicated in kDa on the LH, lanes D0 
through D14 represents days 0 to 14.  
 
No changes in protein profiles were observed under these conditions of storage. 
 
Recovery of Peanut from Swabs Spiked with Peanut Flour Using the Morinaga Peanut 
ELISA Kit 
 
The major objective of testing swabs spiked with peanut flour using the Morinaga peanut 
ELISA kit was to compare the recovery of peanut using two commercial kits (the Veratox and 
Morinaga peanut ELISA kits). The percent recovery of peanut from swabs spiked with 25, 50, 
and 100 ppm peanut flour was determined using the Moringa peanut ELISA kit, and the results 
were compared to the results obtained using the Veratox peanut kit.  
After completing the ELISA testing, the absorbances were read at 450 nm and a reference 
wavelength of 630 nm. The peanut concentration for each sample was interpolated from a 
standard curve generated using GraphPad Prism 4 software.  Dilution factors were calculated 
based on the amount of peanut flour originally added to the volume of extraction buffer as well 
as the dilutions made prior to analysis by ELISA.  
A B 
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To better compare the final results, the percentage recovery was obtained by dividing the 
recovered protein values by the expected values. Figures 6-8 give the percentage recoveries for 
the three concentrations: 25, 50, and 100 ppm peanut flour, respectively from spiked swabs at 
four different temperatures from days 0-14. The Supplementary Tables 6-9 in the Appendix 
contain the data from Figures 2.6-2.8. The results were also normalized to day 0, and the 
percentage recovery was determined for the normalized data. The normalized results are 
presented in Tables 2.5-2.8. Negative controls were also included for each temperature and day, 
and these results are given in Supplementary Table 10 in the Appendix. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Percentage recovery from swabs spiked with 25 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Morinaga Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
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Figure 2.7: Percentage recovery from swabs spiked with 50 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Morinaga Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8: Percentage recovery from swabs spiked with 100 ppm of peanut flour and incubated 
at four different temperatures. Swabs were spiked in duplicate and tested in duplicate using the 
Morinaga Peanut ELISA kit. Results are expressed as mean ± standard deviation (n=2, each 
analyzed in duplicate by ELISA). 
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Table 2.5. Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at RT. 
Days of incubation at 
RT 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 91 100 100 
Day 3 100.0 100 85 
Day 5 73 83 92 
Day 7 82 92 92 
Day 10 100 67 92 
Day 14 82 75 77 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit.  
 
 
Table 2.6. Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at 37 °C. 
Days of incubation at 
37 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 92 87 88 
Day 3 62 67 71 
Day 5 69 67 59 
Day 7 77 73 59 
Day 10 77 73 59 
Day 14 77 67 53 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit.  
 
Table 2.7.  Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at 4 °C. 
Days of incubation at 
4 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 84 93 88 
Day 3 62 73 71 
Day 5 77 87 71 
Day 7 92 87 77 
Day 10 77 80 71 
Day 14 85 73 71 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit.  
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Table 2.8.  Comparison of the normalized percentage recovery of peanut flour from swabs 
inoculated with different concentrations of peanut flour and stored at -20 °C. 
Days of incubation at 
-20 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 100 108 100 
Day 3 91 100 100 
Day 5 91 92 100 
Day 7 91 108 108 
Day 10 100 117 108 
Day 14 100 100 108 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit.  
 
 
DISCUSSION 
 
The recovery of peanut from swabs with the Veratox ELISA was highest at day 0 
although peanut could still be recovered following 14 days of incubation at all four temperatures. 
The percentage recoveries varied between different temperatures as well as with the number of 
days the swabs were stored. The percentage recovery decreased from day 0 to14, with the 
greatest decrease being observed from day 0 to day 1. When the swabs were stored at RT, there 
was a nearly 4-fold decrease in percent recovery in swabs spiked with 25 and 50 ppm peanut 
flour and a 3-fold decrease in percent recovery in swabs spiked with 100 ppm peanut flour from 
day 0 to day 14. At 37 °C, a 6-fold decrease was observed in the 25 ppm swabs, a 5-fold 
decrease in the 50 ppm swabs, and a 4-fold decrease in the 100 ppm peanut flour spiked swabs 
when comparing percent recovery from day 0 to day 14. When swabs were stored at 4 °C and -
20 °C, there was about a 2-fold decrease in the percent recovery in the swabs inoculated with 25 
ppm, and a less than 2-fold decrease with the 50 and 100 ppm spiked swabs. Although the 
percent recovery of peanut protein for the swabs stored at 4 °C and -20 °C was fairly similar, it 
was clear that the swabs stored at -20 °C had the highest percent recovery. From the data above, 
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it is evident that storing at a higher temperature of 37 °C yielded the lowest percent recovery 
while -20 °C yielded the highest recovery amongst the four temperatures although a decrease in 
recovery was still observed after one or more days of storage at -20 °C.  
SDS-PAGE gel electrophoresis indicated that at the four storage temperatures of the 5000 
ppm peanut flour extract, there were no major changes in the protein profiles under either 
reducing or non-reducing conditions.  
When the peanut spiked swabs were analyzed using the Morinaga peanut ELISA kit there 
was less variation in recovery from day 0 to 14 at all four storage temperatures and at all three 
spike levels. The percentage recovery for all swabs illustrated a less than a 2-fold decrease in 
recovery from days 0-14 with some spiked swabs not showing a decrease in recovery from day 0 
to day 14. The Morinaga peanut ELISA kit, however, had a consistently low recovery, ranging 
between 8%-18% while the percentage recoveries with the Veratox kit were higher (35%-55% at 
day 0). However, the percentage recovery from swabs spiked with 25 and 50 ppm peanut flour 
and stored at 37 °C for 14 days was comparable with that of the Morinaga kit.  
 The difference observed in recovery between the two kits used in the current study 
(Veratox for Peanut ELISA kit and Peanut Protein ELISA kit from Morinaga) was to be 
expected. The Veratox peanut ELISA kit primarily targets the Ara h 3 protein while the 
Morinaga peanut kit primarily targets the more heat stable peanut allergens, Ara h 2 and Ara h 6 
which are less susceptible to changes (Jayasena et al., 2015).  
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CHAPTER 3: RECOVERY OF MILK RESIDUESFROM SWABS 
SPIKED WITH NFDM 
 
MATERIALS AND METHODS 
 
MATERIALS: 
Swabs and ELISA Test Kits 
Allergen Environmental Swabs (#8432S) were purchased from Neogen (Lansing MI).  
The commercial kit, Veratox® for Total Milk Allergen Quantitative ELISA Test kit from 
Neogen (Lansing, MI) was used in this study. 
 
METHODS: 
Swabs spiked with Milk: 
A 5000 ppm non-fat dry milk (NFDM) extract was prepared by mixing 0.1 g of NFDM 
with 20 mL of the pre-heated (60 °C) Veratox extraction buffer and extracting the solution in a 
60°C shaking water bath for 20 minutes. The samples were centrifuged, and the resulting 5000 
ppm supernatant was used to prepare dilutions of 100, 50, and 25 ppm NFDM in the Veratox 
extraction buffer.  
100 µL of each of these three concentrations were spiked onto the Neogen Environmental 
swabs. Spiked swabs were stored at four different temperatures (Room temperature (RT), 37 °C, 
4 °C, and -20 °C) for a predetermined number of days (0, 1, 3, 5, 7, 10, and 14 days). Swabs for 
each time/temperature were spiked in duplicate and tested in duplicate using the Veratox for 
Total Milk Allergen ELISA kit from Neogen following the instructions provided by the kit 
manufacturer. Minor modifications were used for the extraction procedure, i.e. the swabs were 
extracted in 5 mL of pre-heated (60°C) extraction buffer with additive at 60°C for 15 min in a 
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shaking water bath. The percent recovery under different storage conditions was calculated from 
the ELISA results.  
SDS-PAGE Analysis: 
5000 ppm NFDM extracts stored at different temperature and time durations were 
analyzed using SDS-PAGE gel electrophoresis under both reducing and non-reducing 
conditions. Gel electrophoresis was conducted using 4-20% Mini-Protean TGX Precast Gradient 
Gels (Bio-Rad, USA). The apparatus was run for 30-45 min at 200 V and the protein bands on 
the gels were visualized using Coomassie Brilliant Blue G-250 (Bio-Rad, USA). Precision Plus 
Protein Dual Xtra Standards (Bio-Rad, USA) were used as molecular weight markers.  
 
RESULTS 
Recovery of Milk Residues from Swabs Spiked with NFDM Using the Veratox for Total 
Milk Allergen ELISA Kit 
To determine the effect of different storage times and temperatures on milk residue 
recovery, swabs were spiked at three different NFDM concentrations: 25, 50, and 100 ppm and 
stored under different conditions. After completing the ELISA testing, absorbances were read at 
650 nm and the software supplied by the kit manufacturer was used to determine the preliminary 
results in ppb NFDM. Dilution factors were included based on the volume of solution spiked 
onto the swab and the volume of extraction buffer added to the spiked swab. The results were 
divided by a factor of 1000 to report the data in ppm (µg/mL) NFDM. For better comparisons, 
the percentage recovery was calculated by dividing the recovered NFDM concentration (µg/mL) 
values by the expected (µg/mL) concentration in the swabs.  
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Figures 3.1-3.3 illustrate the change in the percentage recoveries for the three 
concentrations: 25, 50, and 100 ppm NFDM, respectively from spiked swabs at the four different 
temperatures from days 0-14. The percentage recovery values presented in Figures 3.1-3.3 are 
given in Supplementary Tables 11-14 in the Appendix. The data points were also normalized to 
the recovery from day 0 (Tables 3.1-3.4). Negative control spikes inoculated with 100 µL of PBS 
were also included for each temperature and day, and the results are included in Supplementary 
Table 15 in the Appendix. 
 
 
Figure 3.1: Percentage recovery from swabs spiked with 25 ppm NFDM and incubated at four 
different temperatures. Swabs were spiked in duplicate and tested in duplicate using the Veratox 
for Total Milk Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4 
each analyzed in duplicate by ELISA). 
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Figure 3.2: Percentage recovery from swabs spiked with 50 ppm NFDM and incubated at four 
different temperatures. Swabs were spiked in duplicate and tested in duplicate using the Veratox 
for Total Milk Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, 
each analyzed in duplicate by ELISA). 
 
 
 
 
 
Figure 3.3: Percentage recovery from swabs spiked with 100 ppm NFDM and incubated at four 
different temperatures. Swabs were spiked in duplicate and tested in duplicate using the Veratox 
for Total Milk Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, 
each analyzed in duplicate by ELISA). 
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Table 3.1. Comparison of the normalized percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at room temperature (RT). 
Days of incubation at 
RT 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0  100 100 100 
Day 1 63 83 93 
Day 3 65 83 88 
Day 5 71 65 93 
Day 7 73 85 109 
Day 10 56 75 88 
Day 14 56 54 71 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. 
 
 
Table 3.2. Comparison of the normalized percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at 37 °C. 
Days of incubation at 
37 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 54 71 79 
Day 3 54 71 99 
Day 5 50 60 70 
Day 7 50 63 64 
Day 10 33 50 52 
Day 14 35 44 54 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. 
 
Table 3.3. Comparison of the normalized percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at 4 °C. 
Days of incubation at 
4 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 64 76 83 
Day 3 53 87 93 
Day 5 62 78 85 
Day 7 80 84 86 
Day 10 66 75 85 
Day 14 64 67 73 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. 
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Table 3.4. Comparison of the normalized percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at -20 °C. 
Days of incubation at 
-20 °C 
Normalized Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Day 0 100 100 100 
Day 1 62 68 80 
Day 3 55 79 87 
Day 5 67 64 78 
Day 7 76 75 63 
Day 10 69 79 72 
Day 14 58 65 66 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. 
 
SDS-PAGE Results 
 
The protein profiles of the 5000 ppm NFDM extracts stored at different temperatures 
were compared using SDS-PAGE to determine if any changes occurred in the protein profile 
throughout the duration of storage. Sample extracts were compared under both reducing (Figure 
3.4) and non-reducing (Figure 3.5) conditions.  
 
 
 
  
 
 
 
 
 
 
Figure 3.4: SDS-PAGE gel under reducing conditions of 5000 ppm NFDM extracts stored at RT 
and 37 °C from 0-14 days.  
50 µL of each sample extract was mixed with 10 µL of 6x Laemmli sample buffer containing 
DTT, heated at 95 °C for 10 min, and 12 µL/lane was loaded.  
M; protein standard marker with the MW for each standard indicated in kDa on the RH, lanes D0 
through D14 represents days 0 to 14.  
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.  
 
Figure 3.5: SDS-PAGE analysis under non-reducing conditions of 5000 ppm NFDM extracts 
stored at RT& 37 °C (A), and 4 °C & -20 °C (B). 
50 µL of sample extract was mixed with 10 µL of 6x Laemmli sample buffer, heated at 95 °C for 
10 min, and 12 µL/lane was loaded.  
M; protein standard marker with the MW for each standard indicated in kDa on the LH, lanes D0 
through D14 represents days 0 to 14.  
 
The SDS-PAGE analysis of the samples stored at RT and 37 °C (Figure 3.4 and Figure 3.5A 
indicates that significant changes/degradation occur in selected milk proteins at day 14 for the 
5000 ppm NFDM extracts stored at RT.  Similar changes were observed beginning from day 7 
for those samples stored at 37 °C. For the extracts stored at 4 °C and -20 °C, no significant 
changes were observed in the overall protein profiles (Figure 3.5B). 
 
DISCUSSION 
The recovery of NFDM from swabs with the Veratox for Total Milk Allergen ELISA was 
the highest on day 0, but NFDM was still recovered from swabs at all four storage temperatures 
on day 14. Decreased recovery was observed for all NFDM concentrations on the swabs at all 
storage temperatures from day 0 to 1. Over the 14-day period, a 2-fold decrease was observed in 
the 25, 50, and 100 ppm NFDM spiked swabs stored at 4 °C and -20 °C. while 25 and 50 ppm 
A B 
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NFDM spiked swabs stored at RT experienced just under a 2-fold decrease and the 100 ppm 
NFDM spiked swab still recovered 70% compared to the recovery from day 0. Swabs stored at 
37 °C, experienced the lowest recovery. Over 14 days, the 25 ppm NFDM spiked swab stored at 
this temperature experienced almost a 3-fold decrease in recovery while 50 ppm and 100 ppm 
NFDM spiked swabs had slightly more than a 2-fold decrease and slightly less than a 2-fold 
decrease in recovery, respectively. Overall, it is evident that the recovery of milk proteins is the 
highest when swabs were stored at 4 °C and -20 °C compared to when swabs were stored at RT 
and 37 °C over time.  
  The SDS-PAGE results (Figures 3.4 and 3.5A) suggest that casein degradation may be 
occurring during storage at RT and 37 C.  Since the Veratox for Total Milk Allergen ELISA kit 
from Neogen primarily targets κ-casein (Ivens et al., 2016), the decreased recovery of detectable 
milk residue may be related to the loss of casein fractions. 
A study published in 2019, studied the stability of both milk and gliadin swabbed from 
stainless steel surfaces with different swab types which were stored at 4 °C and 37 °C for up to 7 
days and tested using the RIDASCREEN Fast Milk ELISA method. Milk protein concentrations 
of 10.2 and 19.8 ppm protein and cotton-based and polyurethane-based swabs were used. 
Samples were swabbed and tested on day 0 for recovery. The cotton-based swabs had a recovery 
of 14.4% while the polyurethane-based swabs had a recovery of 27.15%. The results from this 
study demonstrated variability (both an increase and decrease) in protein recoverability from day 
to day. In addition, more proteins were recovered when stored at 4 °C compared to 37 °C. By 
day 6 of the study, the swabs spiked with the lower concentration swabs were BLQ and half of 
the swabs at the higher milk protein concentration were BLQ. While there are differences, this 
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study confirms that recoverability changed during storage temperatures, and swabs were more 
stable when stored at the lower temperature of 4 °C rather than 37 °C (Barrere et al., 2019). 
Based on this research, the food industry should be instructed to store and ship swabs 
under refrigerated or frozen conditions until analyzed.  
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APPENDIX 
 
Supplementary Table 1. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at RT. 
Days of 
incubation 
at RT 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 51 ± 6 12 49 ± 3 6 66 ± 12 19 
Day 1 31 ± 6 18 27 ± 3 12 37 ± 2 7 
Day 3 14 ± 7 47 23 ± 9 40 33 ± 6 19 
Day 5 19 ± 3 13 28 ± 1 5 41 ± 4 9 
Day 7 16 ± 1 8 20 ± 2 10 24 ±3 11 
Day 10 21 ± 5 23 24 ± 6 23 30 ± 4 14 
Day 14 13 ± 1 9 13 ± 0.3 2 22 ± 1 7 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit. 
Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by ELISA). 
 
 
 
Supplementary Table 2. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at 37 °C. 
Days of 
incubation 
at 37 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 51 ± 6 12 49 ± 3 6 66 ± 12 19 
Day 1 22 ± 3 12 31 ± 6 18 32 ± 9 29 
Day 3 14 ± 1 11 14 ± 9 65 27 ± 4 15 
Day 5 17 ± 3 16 17 ± 6 35 24 ± 3 14 
Day 7 8 ± 1 11 19 ± 3 17 12 ± 3 22 
Day 10 11 ± 1 11 13 ± 6 43 19 ± 4 22 
Day 14 8 ± 1 9 10 ± 2 23 16 ± 3 21 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA it. 
Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by ELISA). 
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Supplementary Table 3. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at 4 °C. 
Days of 
incubation 
at 4 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 44 ± 2 5 37 ± 0.2 0.5 48 ± 4 9 
Day 1 30 ± 2 7 30 ± 1 3 36 ± 7 19 
Day 3 29 ± 4 12 28 ± 2 7 33 ± 4 11 
Day 5 26 ± 1 5 21 ± 2 11 28 ± 8 28 
Day 7 21 ± 5 26 19 ± 2 13 32 ± 1 4 
Day 10 21 ± 2 7 22 ± 4 16 31 ± 6 19 
Day 14 19 ± 2 12 22 ± 2 9 35 ± 5 14 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox peanut ELISA kit. 
Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by ELISA). 
 
 
 
Supplementary Table 4. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at -20 °C. 
Days of 
incubation 
at -20 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 44 ± 2 5 37 ± 0.2 0.5 48 ± 4 9 
Day 1 22 ± 2  10 21 ± 3 14 33 ± 6 18 
Day 3 21 ± 2 11 22 ± 2 8 26 ± 5 20 
Day 5 14 ± 1 6 16 ± 2 12 22 ± 2 8 
Day 7 23 ± 2 10 25 ± 5 18 37 ± 4 11 
Day 10 21 ± 4 19 17 ± 2 12 32 ± 2 6 
Day 14 26 ± 3 11 23 ± 12 52 39 ± 4 11 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox Peanut ELISA kit. 
Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by ELISA). 
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Supplementary Table 5.  Absorbance Values for Negative Control Swabs inoculated with 100 
µL of PBS and stored at four different temperatures and tested using the Veratox Peanut ELISA 
Kit. 
Days of 
incubation 
Absorbance (650 nm) 
-20 °C 4 °C RT 37 °C 
Day 0 0.211 0.211 0.244 0.244 
Day 1 0.22 0.204 0.162 0.246 
Day 3 0.143 0.158 0.142 0.151 
Day 5 0.174 0.196 0.169 0.168 
Day 7 0.169 0.144 0.252 0.184 
Day 10 0.213 0.208 0.197 0.198 
Day 14 0.181 0.202 0.223 0.187 
 
 
 
Supplementary Table 6. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at RT. 
Days of 
incubation 
at RT 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 11 ± 1 12 12 ± 0.1 1 13 ± 0.2 1 
Day 1 10 ± 1 9 12 ± 1 7 13 ± 0.5 4 
Day 3 11 ± 1 8 12 ± 0.1 1 11 ± 0.05 0.4 
Day 5 8 ± 1 17 10 ± 0.3 3 12 ± 0.4 4 
Day 7 9 ± 1 10 11 ± 0.4 3 12 ± 0.5 4 
Day 10 11 ± 0.4 3 8 ± 0.2 2 12 ± 0.2 2 
Day 14 9 ± 1 8 9 ± 1 7 10 ± 0.4 4 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit. Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by 
ELISA). 
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Supplementary Table 7. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at 37 °C. 
Days of 
incubation 
at 37 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 13 ± 0.7 5 15 ± 0.2 1 17 ± 0.03 0.2 
Day 1 12 ± 2 17 13 ± 0.05 4 15 ± 0.01 0.1 
Day 3 8 ± 0.1 2 10 ± 0.7 7 12 ± 0.6 5 
Day 5 9 ± 1 8 10 ± 0.7 6 10 ± 0.3 3 
Day 7 10 ± 0.2  2 11 ± 0.5 4 10 ± 0.1 1 
Day 10 10 ± 1 13 11 ± 0.2 2 10 ± 0.2 2 
Day 14 10 ± 1 8 10 ± 0.2 2 9 ± 0.4 4 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit. Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by 
ELISA). 
  
 
 
Supplementary Table 8. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at 4 °C. 
Days of 
incubation 
at 4 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 13 ± 1 5 15 ± 0.2 1 17 ± 0.03 0.2 
Day 1 11 ± 1 13 14 ± 0.2 1 15 ± 0.03 2 
Day 3 8 ± 2 22 11 ± 0.6 5 12 ± 0.3 1 
Day 5 10 ± 1 10 13 ± 0.1 0.4 12 ± 0.1 1 
Day 7 12 ± 1 6 13 ± 0.04 0.3 13 ± 0.1 2 
Day 10 10 ± 1  11 12 ± 0.5 4 12 ± 0.2 4 
Day 14 11 ± 0.4 4 11 ± 0.01 0.1 12 ± 0.5 7 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit. Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by 
ELISA). 
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Supplementary Table 9. Comparison of percentage recovery of peanut from swabs inoculated 
with different concentrations of peanut flour and stored at -20 °C. 
Days of 
incubation 
at -20 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 11 ± 1.3 12 12 ± 0.1 1 13 ± 0.2 1 
Day 1 11 ± 0.2 2 13 ± 0.1 1 13 ± 0.8 6 
Day 3 10 ± 0.6 7 12 ± 0.3 3 13 ± 0.2 1 
Day 5 10 ± 0.2 2 11 ± 0.1 1 13 ± 0.4 3 
Day 7 10 ± 1 10 13 ± 1.2 9 14 ± 0.2 1 
Day 10 10 ± 0.6 5 14 ± 0.1 1 14 ± 0.5 3 
Day 14 11 ± 0.9 8 12 ± 0.3 3 14 ± 0.9 6 
Swabs were inoculated in duplicate and tested in duplicate using the Morinaga Peanut ELISA 
kit. Results are expressed as mean ± standard deviation (n=2, each analyzed in duplicate by 
ELISA). 
 
 
 
Supplementary Table 10.  Absorbance Values for Negative Control Swabs inoculated with 100 
µL of PBS and stored at four different temperatures and tested using the Morinaga Peanut 
ELISA Kit. 
Days of 
incubation 
Absorbance (650 nm) 
-20 °C 4 °C RT 37 °C 
Day 0 0.068 0.053 0.068 0.053 
Day 1 0.071 0.054 0.075 0.065 
Day 3 0.074 0.064 0.090 0.064 
Day 5 0.085 0.075 0.095 0.067 
Day 7 0.080 0.071 0.096 0.072 
Day 10 0.076 0.061 0.072 0.078 
Day 14 0.067 0.064 0.069 0.065 
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Supplementary Table 11. Comparison of percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at RT. 
Days of 
incubation 
at RT 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 48 ±7 15 48 ± 10 21 56 ± 8 14 
Day 1 30 ± 8 26 40 ± 6 15 52 ± 5 10 
Day 3 31 ± 4 14 40 ± 4 12 49 ± 5 10 
Day 5 34 ± 2 6 31 ± 6 18 52 ± 7 13 
Day 7 35 ± 12 32 41 ± 4 9 61 ± 7 11 
Day 10 27 ± 5 17 36 ± 4 11 49 ± 5  10 
Day 14 27 ± 3 13 26 ± 4 15 40 ± 5 12 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, each analyzed in 
duplicate by ELISA). 
 
 
Supplementary Table 12. Comparison of percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at 37 °C. 
Days of 
incubation 
at 37 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 48 ± 7 15 48 ± 10 21 56 ± 8 14 
Day 1 26 ± 6 24 34 ± 4 11 44 ± 5  12 
Day 3 26 ± 3 12 34 ± 6 18 55 ± 12 22 
Day 5 24 ± 3 13 29 ± 5 16 39 ± 4 11 
Day 7 24 ± 5 19 30 ± 2 7 36 ± 3 8 
Day 10 16 ± 4  23 24 ± 5 22 29 ± 5 18 
Day 14 17 ± 2   11 21 ± 1 5 30 ± 4 14 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, each analyzed in 
duplicate by ELISA). 
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Supplementary Table 13. Comparison of percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at 4 °C. 
Days of 
incubation 
at 4 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 55 ± 9 16 63 ± 7 12 71 ± 10 14 
Day 1 35 ± 4  13 48 ± 5 12 59 ± 6  10 
Day 3 29 ± 6 21 55 ± 5 9 66 ± 11 17 
Day 5 31 ± 11 55 49 ± 12 24 60 ± 11 19 
Day 7 44 ± 10 22 53 ± 4 7 61 ± 4 7 
Day 10 36 ± 6  15 47 ± 7 15 60 ± 10 17 
Day 14 35 ± 7  22 42 ± 6 15 52 ± 11 21 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, each analyzed in 
duplicate by ELISA). 
 
 
 
Supplementary Table 14. Comparison of percentage recovery of NFDM from swabs inoculated 
with different concentrations of NFDM and stored at -20 °C. 
Days of 
incubation 
at -20 °C 
Percentage Recovery (%) 
25 ppm 50 ppm 100 ppm 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Average 
Recovery and 
SD 
Coefficient 
of 
Variation 
Average 
Recovery 
and SD 
Coefficient 
of 
Variation 
Day 0 55 ± 9 16 63 ± 7 12 71 ± 10 14 
Day 1 34 ± 5 13 43 ± 7 16 57 ± 8 15 
Day 3 30 ± 6 18 50 ± 7  13 62 ± 14 23 
Day 5 37 ± 19 52 40 ± 9  24 55 ± 8 16 
Day 7 42 ± 8 18 47 ± 7 14 45 ± 7 15 
Day 10 38 ± 5 14 50 ± 6 11 51 ± 6 11 
Day 14 32 ± 5 16 41 ± 8 20 47 ± 8 18 
Swabs were inoculated in duplicate and tested in duplicate using the Veratox for Total Milk 
Allergen ELISA kit. Results are expressed as mean ± standard deviation (n=4, each analyzed in 
duplicate by ELISA). 
 
  
 36 
Supplementary Table 15.  Absorbance Values for Negative Control Swabs inoculated with 100 
µL of PBS and stored at four different temperatures and tested using the Veratox for Total Milk 
Allergen ELISA Kit. 
Days of 
incubation 
Absorbance (650 nm) 
-20 °C 4 °C RT 37 °C 
Day 0 0.119 0.119 0.211 0.211 
Day 1 0.109 0.113 0.113 0.109 
Day 3 0.094 .083 0.111 0.102 
Day 5 0.101 0.102 0.113 0.109 
Day 7 0.102 0.112 0.106 0.415 
Day 10 0.083 0.087 0.102 0.096 
Day 14 0.151 0.092 0.109 0.098 
 
 
 
 
 
